ABSTRACT: A thermodynamic study is carried out on binary systems composed of propyl ethanoate with six alkanes, from pentane to decane. Vapor pressures of the ester and the isobaric vapor−liquid equilibria of these six mixtures were measured at 101.32 kPa in a small-capacity ebulliometer and also the mixing properties
■ INTRODUCTION
This work follows on from previous studies 1−5 carried out by our research group that form part of a line of investigation aimed at studying the behavior in solution of systems of alkyl esters with alkanes. It is important to contribute new experimental data which, in addition to the above, enable knowledge of the capacity of the model to represent several of the systems' properties. In this line, studies on methyl 1 and ethyl 2, 3 ethanoates have been published, and in this work the properties of mixtures of propyl ethanoate with six alkanes, from pentane to decane, are presented. Specifically 4, 5 at two of the indicated temperatures, 298 K and 318 K; isobaric VLE data of propyl ethanoate + (C 7 ,C 9 ) have also been published previously. 6 All of these data will help to verify the behavior and gain a greater understanding of these solutions.
Other investigators have also worked with these systems, and there are considerable v E data published at 298.15 K, 7−11 but only one study 7 exists concerning the effect of temperature on this property. h E values for mixtures with n = 6, 7, and 8 in the set represented by H 3 CCOOC 3 H 7 (1) + C n H 2n+2 (2) have also been published. 11−13 However, the bibliographic information on VLE is very limited, since only data for isothermic VLE 13 have been found for the binary system with n = 7 measured at 11 temperatures in the interval 273 K to 363 K. Values of g E by chromatography have even been published at 298.15 K, 14 for the binaries of the same ester with saturated hydrocarbons of n = 6 and 7. Finally, values of c p E9 are presented for systems with n = 7 and 10. All of those data are used for comparison with the experimental results obtained here, when pertinent, incorporating in the database constructed for the purpose of performing a multiproperty correlation process that uses all of the experimental data available. A model and a procedure designed by our team, used in previous works, 15, 16 is used. The same procedure is employed with the NRTL model. 17 The experimental information obtained is used here to confirm the efficacy of the UNIFAC group contribution method 18 and to check the representation capacity of that model when the specific interaction parameters COOC/CH 2 are used for ethanoates.
■ EXPERIMENTAL SECTION
Materials. The propyl ethanoate and hydrocarbons were of the highest commercial purity (> 0.99 w/w) and supplied by Aldrich. However, before use they were degasified with ultrasound for several hours and stored in the dark over a molecular sieve (Fluka 0.3 nm) to eliminate traces of water, and the final purity of the products was verified by gas chromatography (GC).
The quality of the pure compounds was then confirmed by measuring a series of physical properties such as the density ρ and the refractive index n D , at different temperatures, and the normal boiling temperature T b,i o . Table 1 indicates the manufacturer of each compound and the values measured for different properties. In general, the comparison between our values and those found in the literature can be considered acceptable.
Apparatus and Procedures. An Anton Paar DMA-60/602 digital densimeter, with a reading error of ±0.02 kg·m −3 was used to measure the densities of pure compounds ρ i and of the mixtures ρ. Mixtures (x ± 0.0002) were prepared synthetically by mass on a AND balance, model ER182A, with an accuracy of ± 1·10 −5 g to obtain the curves of ρ = ρ(x) at different temperatures in the interval 291.15 K to 328.15 K. In the densimeter the temperature was controlled by circulating water using a CB7 Hetobirkeroad thermostatic bath, with a control of (T ± 0.01) K. Pairs of values (x,ρ), obtained at a temperature of 298.15 K for the binaries: {x 1 H 3 CCO 2 C 3 H 7 (1) + x 2 C n H 2n+2 (2) (n = 5 to 10)} were used to define the following equation 
This expression was used to obtain the compositions x i and y i of the phase equilibria after measuring, respectively, the densities of the samples of liquid and vapor phases. The a i parameters are obtained by a least-squares procedure with an excellent goodness of fit (r 2 ≫ 0.999) and are collected in Table 2 . Values of x 1 , ρ, ρ 1 , and ρ 2 , are, respectively, the ester composition, the density of the mixture, and the densities of the pure components and are also used to calculate the excess volumes v E , for which the uncertainty was estimated to be ± 2·10 −9 m 3 ·mol −1 . Vapor pressures of the pure compounds and the vapor− liquid equilibria were determined experimentally with a small-capacity system through which both phases recirculated; the operational procedure has been described previously. 21−23 The system reached the equilibrium when the temperature remained constant within the experimental uncertainty (T ± 0.01) K at the working pressure p = 101.32 kPa, for at least fifteen minutes. Then, samples of both phases are extracted and their densities measured; regression of eq 1 obtains optimum values for the compositions of the liquid phases x i and vapor phases y i , with an uncertainty of ± 0.0007. The pressure was measured with a PPC2 controller/calibrator instrument, which stabilizes the still at (101.32 ± 0.02) kPa. The temperature was obtained by direct reading at two Pt-100 thermoresistances, calibrated according to ITS90, introduced in the ebulliometer (see ref 21) connected to a Comark 6800 digital apparatus that gives a reading of (T ± 0.01) K.
The mixing enthalpies h E were measured with a MS80D Calvet conduction calorimeter by Setaram, calibrated as described in a previous work. 24 Thermograms obtained in the experimentation were processed with the Setsoft software supplied by the manufacturer. The temperature of the sample was confirmed by introducing a PT100 sensor, connected to a digital thermometer by ASL, into the calorimetric cells containing paraffin oil. Then the controller was adjusted to ensure the temperature of the sample within the interval (T ± 0.002) K. Correct functioning of the system was verified by reproducing the h E of known systems 25, 26 at the temperatures of 298.15 K and 318.15 K, since a Uncertainties u are: u(T) = ± 0.01 K and u(p) = ± 0.02 kPa. Refractive indices for the pure products were measured with a 320 Zuzi refractometer, with a reading error of ± 0.0002 units in n D . The temperature was maintained constant around (T ± 0.01) K with the circulating water bath mentioned above.
■ PRESENTATION AND TREATMENT OF RESULTS
Vapor Pressures. In previous works of this series on mixtures of alkyl ethanoates with alkanes, it was proposed to measure the vapor pressures of the pure substances to verify the quality of the data available in the literature, because of the influence of these values, or their correlations, on VLE calculations. So, values of (T,p i o ) and their correlations were published previously 3 for hydrocarbons (C 6 −C 10 ), extending in some cases the range of quantities measured. Propyl ethanoate is the compound 
common to the mixtures in this work, and the curve p i o = ϕ(T) was obtained previously; 27 however, in the experimentation, some discrepancies were observed when the acentric factor calculated from vapor pressure data was compared to values recorded in the literature. Figure 1a shows the differences between the data measured here and those published, 27 especially in the interval T < 360 K. The differences in relation to those published by Farkováand Witcherle 30 were smaller. These facts, together with the above discrepancy for the acentric factor, justify making new measurements to establish a more precise saturation curve. Experimental values (T,p i o ) are presented in Table 3 , and they were correlated with Antoine's equation. Optimum values for A, B and C coefficients were obtained after applying a linear-regression procedure (varying the C-value to get the optimum fit) minimizing the standard deviation s(p i o ) of the pressure data; the results are recorded in Table 4 .
By using the theorem of the corresponding states, a modified version of Antoine's equation is obtained when reduced quantities are used, which has a similar format to the original equation
Coefficients a, b, and c were determined by a same procedure indicated above but with experimental data in reduced coordinates; the coefficients obtained appear in brackets in Table 4 . A previous work 28 described in detail the relationships existing between both types of coefficients, which would be identical if Antoine's equation were valid over the entire range of the saturation curve (up to the critical point), since the boundary conditions for the critical point are implicit to eq 2. The values for a, b, and c permit calculate the acentric factor of the ester, introducing eq 2 in the Pitzer expression, 29 which produces: (0.7 − c)(ω + a + 1) = b. This value is shown in Table 2 and is similar to published values 27 and that determined by the Lee− Kesler method. 31 The differences in relation to those published by Farkováand Witcherle 30 were smaller; see Figure 1a . Figure 1b shows the straight-lines of vapor pressures in reduced coordinates for propyl ethanoate and heptane and the azeotropic points fot the corresponding mixture, which we discuss later. The inset compares the vapor pressure lines in reduced coordinates for the first three ethanoates and alkanes, revealing their tendency to converge toward the so-called "inf inite point".
Excess Properties. For all of the binary systems, established empirically as: H 3 CCOOC 3 H 7 (1) + C n H 2n+2 (2) (n = 5 to 10), the excess volumes v E were determined from the mixing densities, which are prepared by weighing. Measurements were recorded at four temperatures, (291.15, 298.15, 318.15, and 328.15) K, except for mixtures containing pentane, since its boiling point limits working with this product to just the first two temperatures. Experimental points (x 1 , ρ, v E ) are found in Table 5 and the corresponding representations in Figure 2a ,b. The inset figures show the comparison between the equimolar values obtained here and those from literature, including those published previously by our research team. 4−6 In general, there is good agreement with the exception of the value corresponding to the propyl ethanoate + decane system at 298.15 K, 7 which has a much lower value than the one obtained here. However, new values of v E were determined for all of the mixtures in an attempt to achieve correlations for the densities, eq 1, which are used to determine the VLE compositions. The h E values were measured for the six systems at T = (291.15, 298.15, and 318.15) K, but only for mixtures with even alkanes since values for mixtures with n = 5, 7, and 9 were already published. 4, 5 The (x 1 , h E ) values are recorded in Table 6 and represented graphically in Figure 3a ,b; the inset figures show the comparison between the equimolar values with the values taken from the literature. On the whole, there is good agreement except for the measurements of some authors, 11−13 which present slightly lower values.
Correlations were carried out for v E and h E , Tables 5 and 6 , versus the active fraction of the property considered, related to the ester z 1 (x 1 ,T) by a simple polynomial expression whose previous have been acceptable, which for a generic excess function y E takes the following form: For the volumes, their dependence on the composition of the mixtures is determined by the volume active f raction z 1 , given by the expression, in mixtures with decane. Therefore, to simplify the data treatment, a constant mean value is taken for k v 21 , which is calculated as shown in eq 4, since the greatest difference (in the variation in T) is less than 0.4 %.
When eq 3 is used to correlate the enthalpy data h E (x 1 ,T), there is considered to be a dependence on the energetic effects arising during the mixing process, taking into account the contact intermolecular surfaces. Hence, eq 4 should be considered as a function of "surface active f ractions" assigning a a Uncertainties u are: u(T) = ± 0.002 K, u(x) = ± 0.0005, and u(h E ) = ± 2 J·mol −1 .
surface parameter ς i (proportional to the surface of each molecule), which describes its specific contribution to the "excess quantity" produced.
The relationship between the k parameters of eqs 4 and 5 is established by an equation of the form: The parameter k r 21 is the quotient of the van der Waals group volume parameters R k , given by Bondi, 32 by the sum r i = ∑ k υ k
R k weighted by the number of k type groups in the molecule i, υ k (i) . The parameter k q 21 is the quotient of q i parameters, k q = q 2 /q 1 , which are obtained from the weighted sum of the van der Waals group area parameters Q k by q i = ∑ k υ k (i) Q k . Now, the different properties are correlated to obtain the y ij coefficients of eq 3. Table 7 shows the coefficients obtained in the regression of the experimental values of volumes and enthalpies to an expression such as eq 3. A nonlinear regression procedure was followed using a software based in the simplexmethod implemented in Matlab and minimizing the standard deviation of data, s(y E ). Figures 2 and 3 represent, respectively, the functions obtained for the fits of v E (x 1 ,T) and h E (x 1 ,T). Both in Figure 2 and in Table 7 (through the standard deviations) high values of s are observed in the v E correlation curves, but these differences are smaller for the h E . This is because of the difficulty to correlate the v E at four temperatures with the same model and the presence of a sigmoidal a Uncertainties u are: u(T) = ± 0.01 K, u(p) = ± 0.02 kPa, u(x 1 ) = ± 0.002, and u(y 1 ) = ± 0.002. distribution of the points corresponding to the propyl ethanoate + pentane system at temperatures of (291.15 and 298.15) K. It was checked how the introduction of a variation in the k v 21 and k h 21 parameters with T in the regression process did not significantly change the final results.
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Regarding the interpretation of the results of mixing properties, the systems studied present expansive effects in all cases, v E > 0, also complying with (∂v E /∂T) p > 0 in the range of temperatures used in this work. Although the enthalpies are found to obey the expression h E > 0, variation of this property with temperature presents an inversion of the slope (∂h E /∂T) p , which goes from negative, in systems with n > 6 in the interval (291.15 to 298.15) K, to positive in the interval (298.15 to 318.15) K. However, this change is not as pronounced in systems with n ≤ 6. This behavior confirms the details of the structural model presented in previous works, 3−5 explaining the expansive and endothermic effects of the experimentation and the increase in excess quantities with increasing alkane chain length. By contrast, if net values of the properties v E and h E of the mixtures with different ethanoates are compared a slight increase in the permanent dipolar moment is observed μ·10 30 /(C·m) associated with the COO− group (5.60 for methyl, 5.90 for ethyl, and 5.97 for propyl) that gives rise to an increase in the dipole−dipole attractions, both in the pure component and in the mixture, but less pronounced in the latter due to the greater distance between the dipoles. If this were the only effect, the mixing process would raise the endothermicity and expansivity with increasing alkanolic chain length of the ethanoate. However, experimentally, we find that the opposite occurs, indicating that the effect of μ is smaller than the effect dominating these types of mixtures, such as the molecular size of the ethanoates, in other words, due to the increase in nonpolar interactions.
It is important to highlight the aforementioned effect of temperature on h E since variations in h E = φ(T) present local minima where c p E = 0. The literature 9 contains data for systems of propyl ethanoate + C 7 , +C 10 , presenting in both cases a so-called "omega effect" of the curves, although in the former system, the representation of c p E = ϑ(x) cuts the abscissa at two points. In the second mixture mentioned above, the "omega curve" appears in the negative region, indicating that the minimum of the function h E = h E (T) should be found at temperatures higher than 298.15 K, which does occur with the data presented in Table 4 . This unusual behavior of some esters in solution is due to the change in their dipolar moments with temperature, 33 which is reflected in their thermal capacities. Pure esters present a conformational equilibrium between the s-trans and s-cis forms, but any change, such as the presence of foreign molecules, would also produce a change in the electrical dipolar moment, 34 caused by a shift in this equilibrium. Another consequence is that the curves c p E = ϑ(x) are ω-shaped, which, in fact, corresponds to a superposition of two "v-shaped" curves, each corresponding to a dominant conformation. Evidently, at low values for the molar fraction of the ester the dominant s-trans shaped curve appears, while at high values of x the s-cis shaped curve dominates. The two "v"-shaped curves form the central maximum of these types of representations.
VLE Data. The direct experimental values obtained for isobaric VLE values at (101.32 ± 0.02) kPa for the six binaries H 3 CCOOC 3 H 7 (1) + C n H 2n+2 (2) (n = 5 to 10) are recorded in Table 8 and represented graphically in Figures 4a to 9a. A comparison of the experimental values obtained in this work with those from another previously published, 6 is carried out by means of the representations of T vs x 1 ,y 1 and (y 1 − x 1 ) vs x 1 for the binaries of propyl ethanoate with heptane and nonane. These are shown in Figure 6a and 8a, respectively, showing an acceptable agreement between them. There was some discrepancy between the coordinates (x az ,T az /K) found for the azeotropic point of the binary with n = 7, of (0.445, 367.05), (0.423, 366.99); 35 the mixture with n = 8 produces an azeotropic point at (0.973, 374.31) although no data have been found in the literature for comparison. Figure 1b represents the azeotropic points obtained in isobaric and isothermic conditions for the propyl ethanoate + heptane mixture, using reduced coordinates. The distribution of the azeotropic points for this mixture has enabled a correlation to be achieved using an analogous equation to Antoine's equation, the expression of which appears at the footnote of Figure 1 .
The coefficients of activity γ i of each component in the mixtures were calculated by considering the nonideality of the 
where the vapor pressures, p i o , are obtained from Antoine's equation with the coefficients from Table 4 for the ester and those published in previous works 3, 36 for the alkanes. The molar volumes v i o in saturation conditions were estimated using a modified version of Rackett's equation, using the values of Z RA given by Spencer and Danner. 37 The second virial coefficients for the pure B ii compounds and for the mixtures B 12 were estimated with the expressions proposed by Tsonopoulos, 38 which are used to calculate the parameter δ 12 = 2B 12 − B 11 − B 22 . The values calculated with eq 7 are presented in Table 8 , together with the corresponding to the adimensional Gibbs function g E /RT = ∑x i lnγ i and are represented graphically in Figures 4b to 9b for the six systems studied. Compliance with the global condition proposed by Fredenslund et al. 39 for the consistency of VLE data was verified previously. Activity coefficients for the mixtures reveal the degree of interaction among the components present, showing deviation from ideality of the liquid phase. Propyl ethanoate (1) + alkane (2) systems present a quasi-regular variation in the γ i , and γ 2 increases with alkane chain length while the γ 1 decreases with the diminishing relative contact areas of the aliphatic portions. For the propyl ethanoate (1) + nonane (2) system there is a difference between the variation in the γ 1 and those presented in a previous work, 6 which is not observed in the mixture with heptane, possibly due to the greater influence of the vapor pressures at higher temperatures corresponding to nonane rather than those of the ester; this is highlighted in section corresponding to vapor presures, with reference to Figure 1a .
■ CORRELATION AND PREDICTION OF PROPERTIES
FOR PROPYL ETHANOATE + ALKANE MIXTURES Correlation. For the mathematical treatment of the properties of each of the binary systems a multiproperty correlation procedure was employed using two models, the principles of which are described below: I. A polynomial model implemented over the excess Gibbs function g E = g E (x 1 ,p,T), with a similar formula to eq 3. This procedure has already been described and used in previous works, 3, 15, 16 so only a summary of the equations used are presented here:
The main model:
Expression for the coefficients:
Expression for z 1 of Gibbs function:
Expression for h E :
Expression for c p E :
Expression for v For each of the properties a value is determined for the corresponding k parameter (k g 21 , k h 21 , k c 21 , k v 21 ) independent in each cases according to the particular expression for the active fraction of the corresponding property, eq 10. They are considered as adjustable parameters in the regression procedure.
Equations 8 and 11 to 13 can be defined using a multiobjective optimization algorithm to locate the set of coefficients, g i , that give the best fit for the set of excess properties. A regression method has been employed for nonlinear functions, implemented in Matlab, generating an objective function (OF) where a weighted standard deviation is considered for each of the properties in the correlation procedure.
where s(y E ) represents the standard deviations corresponding to each of the properties y E = VLE (iso-p, iso-T), h E ,v E ,c p E considered in the fitting procedure, N is the number of experimental points for each property, and n the number of different properties that are correlated. The coefficients "c" are correction-parameters for the different quantities, which permit these to be modulated (into an interval) to obtain the best value for OF.
II. The NRTL model, 17 one of the most used for treatment of the thermodynamic properties of solutions, is also used here to validate the application indicated. The basic expression of the model on the Gibbs function is: 
with ατ = − G exp( ) ij ij (16) but with 
, T, and for (y 1 −x 1 ), vs x 1 are shown in Figures 4 to 9 which also include the estimations of c p E vs x 1 for the systems with heptanes and decane.
The coefficients obtained for the two models described in detail in the previous section for the correlation of six systems are recorded in Table 7 . Owing to the variable availability of experimental data for each of the systems studied in this work, the results obtained for each binary system are discussed in detail in the following paragraphs. Propyl Ethanoate + Pentane, + Hexane, + Octane, + Nonane. For this set of systems H 3 CCOOC 3 H 7 (1) + C n H 2n+2 (2) (n = 5, 6, 8, 9) experimental VLE data iso-p, p = 101.32 kPa, and the h E are only available at three temperatures (indicated previously). Correlations for the thermodynamic properties, γ i and g E , for these systems are shown in Figures 4b to 9b , and the quality of fit is acceptable in all cases. The model adequately reproduces the excess enthalpies, even with the inversion that appears with changing temperature, which produces a local minimum for the function h E = φ(T). The model was also used to reproduce equilibrium quantities (T, x 1 , y 1 ) and to validate its use. Almost all representations obtained were good except for the mixture containing nonane, which was considered to be acceptable; for this mixture the mole fractions obtained of the vapor phase y 1 were higher than those obtained in the real experimentation; see Figure 8a .
The NRTL correlation of the four systems considered in this section is acceptable, although quantitatively inferior to that of the proposed model, eqs 8 to 13. The h E values present an adequate fit, even showing the inversion of the enthalpy with temperature in cases n = 8 and 9. The α-values were obtained in the same correlation process as an additional parameter to get the best fit. In some cases the optimium α-values obtained are very small, ≪|0.01|, so the exponential of eq 16 has less influence in the model. Hence, eq 15 and its derivates are transformed into polynomial expressions.
For these mixtures, the UNIFAC method slightly overestimates g E values, and reproductions of the quantities T, x 1 , y 1 are similar to those obtained with the correlation model employed, and the previous observations can also apply here. The method determines, at least qualitatively, values of h E reasonably close to experimental ones but does not reproduce the real change in this quantity with temperature. In other words, it does not show the h E inversion produced for these systems in the interval (291 to 298) K. Quantitatively the average estimation is less than 5 % for that property. The method does not estimate the experimental azeotropic point obtained for the (propyl ethanoate + octane) system.
Propyl Ethanoate + Heptane. This binary system has been studied by other authors, and the literature provides (iso-p) 6 and (iso-T) 13 VLE data at different temperatures, and even values of c p E . 9 The model proposed, eqs 8 to 13, offers a good correlation of the different properties; see Figure 6a −h. In this case, for the simultaneous correlation of properties, in addition to those indicated here, the ones obtained experimentally for this work at isobaric conditions, VLE, h E and v E were also used. In Figure 6b we can observe that the correlation of the quantities of g E and γ i vs x 1 are acceptable, although the representation gives values of γ i vs x 1 somewhat lower than those calculated from the experimentation. A difference is also found in the primary equilibrium data estimated T−x 1 −y 1 , but this barely influenced the reproduction of the azeotropic point (Figure 6a) . The fit of the h E values is good and show how the curve changes with temperature ( Figure  6c ). There is even an adequate representation of the irregular form (ω-shaped) of the c p E data (Figure 6f ). The experimental results generated 13 for the VLE iso-T were introduced in the database used for the correlation process, together with the data of (x 1 ,v E ) presented in Table 3 . Figure 6g shows an acceptable representation of the volumes at different temperatures, being the slope (∂v E /∂T) p < 0.07·10 −9 m 3 ·mol −1 ·K −1 , very similar to that derived from the experimental values, as shown in the inset Figure 6g . After the model has been completely defined for a given binary system, an estimation can be made of the curves corresponding to the VLE, iso-T and iso-p, in the 3D-diagram (p−T−x 1 ,y 1 ) and of p and T in the range available. The capacity of the model to reproduce the equilibrium data and data of the surface generated, and the mixing properties, is adequate (Figure 6h ).
The fit with NRTL can be considered to be acceptable, and the observations made in the previous section also apply here. However, to elaborate on the properties only appearing in this system, the VLE-iso-T are qualitatively well-reproduced (see Figure 6c,d ), but the analysis of the g E values shows quite a sharp deviation of the maximum toward mixtures with lower ester contents, which implies a curve with asymmetric morphology that does not correspond to the data. The c p E are not adequately reproduced with the NRTL model; the difficulty inherent to these data has already been mentioned previously. Moreover, NRTL and UNIFAC do not estimate excess molar volumes.
An acceptable estimation is only made with UNIFAC for the mixture of propyl ethanoate + heptane. The method predicts well the VLE iso-T and iso-p, although in both cases the values of γ i and g E /RT obtained are slightly higher than experimental ones. The change in h E with temperature is not simulated by the model, which also loses the ability to represent the thermal capacities, as can be observed in Figure 6e ,f. The UNIFAC model estimates an azeotropic point close to that obtained by experimentation.
Propyl Ethanoate + Decane. For this binary system, in addition to the data provided by this work, c p E data from the literature 9 have also been used in the multiproperty correlation process. Parameters of the model established by eqs 8 to 13 are shown in Table 9 , together with the standard deviations obtained for each property, and on the whole, the results can be considered to be acceptable. Figure 9a −d reproduces the curves obtained in the correlation with a good degree of representation. In this case, a cutoff point for c p E with the abscissa is not observed (Figure 9d ), so the minimum of the function h E = h E (T) must occur at temperatures higher than 298.15 K, which is consistent with the data presented in Table 4 .
Similar observations to those made about the previous systems can be made about the fit of this system with NRTL. In general, the correlation appears to be acceptable although there are clear deviations in the fit of the VLE. The reproduction of thermal capacity does not produce the ω-shaped pattern.
The UNIFAC method behaves in a similar way for this mixture as in previous cases, failing to estimate the function h E = h 
